Annual crops or exotic trees for cellulose extraction have replaced natural grassland areas of the Brazilian Pampa biome. These activities have been intensified in recent years and may lead to changes in the white grub complex. The objective of this study was to characterize the diversity and abundance of white grubs in cultivated and natural grassland areas of the Brazilian Pampa biome. We conducted samplings in natural grassland and cultivated areas throughout 18 locations in the Brazilian Pampa. Diversity index and nonmetric multidimensional scaling (NMDS) were used to compare the Melolonthidae community within and between cultivated and natural grassland areas. Diloboderus abderus Sturm, Cyclocephala modesta Burmeister, and Plectris sp.5 (Coleoptera: Melolonthidae) were the most abundant taxa, accounting for 49.08% of all white grubs collected from both land use types. Abundance, diversity, and evenness indices were greater in natural grassland than in cultivated areas. The NMDS demonstrated that natural grassland and cultivated areas share similar white grub species assemblages, with 22 species collected in both land use types. Our data suggest that most of the Melolonthidae species collected in the Brazilian Pampa are capable of persisting in cultivated areas. This is the first work characterizing the Melolonthidae community throughout the Brazilian Pampa, which is vital for implementing pest management tactics and conservation of beneficial species.
Brazil is a megadiverse country and is divided into six terrestrial biomes (Amazônia, Atlantic Forest, Caatinga, Cerrado, Pantanal, and Pampa) (IBGE 2004 , Roesch et al. 2009 ). The Pampa biome, located in Uruguay, portions of Argentina and Southern Brazil, covers an area of approximately 750,000 km 2 (MMA 2016) . The Brazilian Pampa was considered as a biome in 2004 and is one of the smallest in Brazil (IBGE 2004) . It has an area of about 176.000 km 2 , which accounts for 63% of the land in the state of Rio Grande do Sul (Roesch et al. 2009 , Boldrini et al. 2010 ) and 2.07% of the Brazilian territory (IBGE 2004) . In the past years, annual crops and exotic species raised for cellulose extraction have replaced the natural vegetation of the Brazilian Pampa (Boldrini 2009 , Oliveira et al. 2017 , Suleiman et al. 2017 . The replacement of native vegetation by extensive homogeneous areas (i.e., farmlands) leads to alterations in abundance and species biodiversity (Robinson and Sutherland 2002) , as well as to changes in soil-dwelling insect communities (Cherman et al. 2014a) , which might trigger the increase of the abundance of obligatory or facultative root-feeding species such as the white grubs (Morón 1996) .
The larval stage of scarab beetles that belong to Melolonthidae is commonly known as white grubs (Morón 2004, Cherman and Morón 2014) . Despite their contribution to soil quality, by burrowing galleries and being associated with soil organic matter decomposition and nutrient cycling, many white grub species are rhizophagous (root-feeding), and thus serious pests of several field crops. In Brazil, this family comprises about 1,008 species, and only 5% are associated with croplands (Morón 2004 ). Yet, most studies regarding Melolonthidae have focused on biology, control measures, and economic thresholds of pest species, and little attention has been given to the composition and structure of Melolonthidae community in different landscape uses.
The northern half of Rio Grande do Sul, which corresponds to a portion of the Atlantic Forest biome, is now the leading region in the research on the Brazilian Melolonthidae. Studies on species richness, distribution, and population density of white grubs in cultivated and natural grassland areas have been documented (Cherman et al. 2013 , Cherman et al. 2014a , Cherman et al. 2014b . However, in regard to the southern half of the state of Rio Grande do Sul (Brazilian Pampa), little is known. At this time, Melolonthidae occurrence has only been reported in a Eucalyptus spp. (Myrtaceae) plantation (Bernardi et al. 2010 ) and in a grassland and forest area (Silva et al. 2014) . Although these study areas have demonstrated the Melolonthidae community to be of great richness, more in-depth research is necessary to better understand the representative abundance and the white grub complex in the Brazilian Pampa.
White grub communities and abundances vary with several factors as the unique environmental conditions found in each locality, as well as land use type (Rodrigues et al. 2011 , Cherman et al. 2014a , rendering importance to regional researches. Furthermore, species inventories addressing cultivated and natural grassland areas are an important benchmark source for researchers and farmers, as they aid to define how land use affects biodiversity (Hooper et al. 2012) , to develop management strategies (Cherman et al. 2013) , and to preserve beneficial species (Solís and Morón 1998) . White grubs have been suggested as ecological, biogeographical (Yanes-Gómez and Morón 2010, Morón and Arce-Perez 2016) , and soil quality bio-indicators, thus gaining importance for the development of public policies to preserve these species (Morón 1997 , Brown et al. 2001 . Despite the great ecological and economic importance, the increase in conversion of natural grasslands to croplands, white grub communities remain uncharacterized in the Brazilian Pampa. The objectives of the present study were to characterize and compare the abundance and diversity of white grubs in cultivated and natural grassland areas of the Brazilian Pampa biome.
Materials and Methods

Study Area
The study was carried out in the Brazilian Pampa, located in the southern half of Rio Grande do Sul State (28° 00ʹ and 34° 00ʹ S and 49° 30ʹ and 58° 00ʹ W) (IBGE 2004) . The natural vegetation is composed mainly of grasses of Paspalum spp. and Andropogon spp. (Boldrini 2009 ), mixed with shrubs, herbs, and treelet species (Overbeck et al. 2007) . This region has an annual precipitation ranging from 1200 to 1600 mm and average annual temperatures ranging from 13 to 17°C (Overbeck et al. 2007 ), yet it has both subtropical and temperate climates with four well-characterized seasons (Roesch et al. 2009 ). The climate of the Brazilian Pampa is classified as 'Cfa' according to the Köppen climatic classification, with rainfall throughout the year (Álvares et al. 2013 ).
Sampling Procedure
Samples were taken in 18 municipalities throughout the Brazilian Pampa from May to November in 2012 and 2013 once at each place (Fig. 1) . The localities were chosen according to information gathered with farmers and extension field agronomists based on the history of white grub occurrence and land accessibility. Noncultivated areas were considered those with natural vegetation (grassland areas) used to raise cattle and without any other intervention (e.g., winter grasses sowing, summer crops, and soil management). Cultivated areas included those that have been used as cropland for at least 10 yr (e.g., soybean, maize, and winter grasses). At each area, we dug at least 25 randomized trenches (50 × 25 × 20 cm deep) spaced ~50 m from each other according to the previous methodology used by Cherman et al. (2014a) to characterize the Melolonthidae community in the Planalto region of Rio Grande do Sul State, Brazil. The soil of each trench was carefully handled to verify the presence of larvae and adults of Melolonthidae. Both larvae and adults were individually placed into 70-ml plastic pots containing trench's soil and transported to the Laboratório de Manejo Integrado de Pragas of the Universidade Federal de Santa Maria (LabMIP-UFSM).
Specimen Identification
Larvae were analyzed in a stereoscopic microscope (up to 5× magnification) and identified using taxonomic keys and morphological descriptions of Frana (2003) , Pereira and Salvadori (2006) , and Cherman et al. (2013) . Specimens whose identification to the species level was not possible at larval stage were reared to adult stage according to Aragón et al. (2005) . Briefly, larvae were kept in 70-ml tubes containing trench's soil in growth chambers (25 ± 1°C and 12:12 [L:D] h photoperiod), verified for adults emergence and soil moisture weekly, and those specimens still alive were fed with carrot dices. Specimens were identified to the species level except for those belonging to the tribes Oryctini, Geniatini, and Macrodactylini. Although adults were obtained, identification to species was not possible and is referred herein as sp., sp. 
Data Analyses
Specimen accumulation curves were built with data from all municipalities and for each land use type using the software PAST (Hammer et al. 2001) . Nonmetric multidimensional scaling (NMDS) was performed on the Melolonthidae community data from both cultivated and natural grassland areas using the metaMDS function in R (Oksanen 2015) . We used Bray-Curtis distance metric because it accounts for abundance and not only presence or absence. The output from metaMDS analysis was used to create a two-dimensional plot, indicating the similarities of the white grub complex for cultivated versus natural grassland areas. Stress (S) and ordination nonmetric fit (r 2 ) were calculated to quantify goodness of fit between ordination distances and the data dissimilarity (Oksanen 2015) . Shannon-Weaver's diversity (Hʹ) index and Pielou's evenness (J) index (Magurran 2004 ) were used to compare community diversity between each land use type, within, and among each municipality. Indices of diversity (H′) and evenness (J) were calculated using the software PAST 3.0 (Hammer et al. 2001) .
Results
Melolonthidae Community in Cultivated Areas
In the 18 cultivated areas of the Brazilian Pampa, 334 Melolonthidae specimens were collected (Table 1) , representing 25 species belonging to three subfamilies (Dynastinae, Melolonthinae, and Rutelinae) and eight tribes (Cyclocephalini, Pentodontini, Oryctini, Diplotaxini, (19.7, 14.7, 14.6, 13 .3, and 7%, respectively). Although species richness was similar to cultivated areas, Shannon diversity index and Pielou evenness index (2.520 ± 0.063 and 0.7563 ± 0.015, respectively) were greater and was variable among municipalities as observed for cultivated areas (Table 2) . Despite greater abundance of white grubs in natural grassland areas, our sampling method was efficient, as seen for cultivated areas (Fig. 3) .
Melolonthidae Community Similarity
The overlapping in the hulls of the NMDS plot indicated that cultivated and natural grassland areas share similarities in species composition ( Fig. 4) . Indeed, cultivated and natural grassland areas shared 22 species (70.96% of all collected). Three out of these 22 species represented 49% of the abundance in both landscape use types: D. abderus (20%), C. modesta (17.5%), and Plectris sp.5 (11.5%). Three species were unique to the cultivated areas community (Heterogomphus sp., Liogenys bidenticeps Moser, and Blepharotoma uniformis (Blanchard)) and six of them were only collected in natural grassland areas (Cyclocephala tucumuna Brethes, Liogenys concolor Burmeister, Alvarinus sp., Plectris sp.1, Plectris sp.4, and Rhizogeniates sp.2). Of the nine species that were unique to either cultivated or natural grassland areas (three in cultivated and six in natural grassland), none of them was particularly abundant and they were not collected in more than one municipality. Blepharotoma uniformis, L. bidenticeps, Plectris sp.1, and Alvarinus sp. were represented by more than one specimen (Table 1) , and Plectris sp.1 and Alvarinus sp. were the most frequent, representing 3 and 2.03% of the total grassland areas community, respectively.
Discussion
The present study of the Melolonthidae assemblage, structure, and composition represents the first characterization of the white grub community throughout the Brazilian Pampa. As this survey was conducted across an extensive area (18 locations), this comprehensive characterization strengthens our understanding of white grub species, abundance, and species composition in cultivated and natural grassland areas. Furthermore, this study fills a knowledge gap by providing information about Melolonthidae in the Brazilian Pampa, which serves as basis for future research, and may help farmers in preserving nonpest species and appreciation for their ecological services. Melolonthinae, with 12 species distributed in nine genera, was predominant in the Brazilian Pampa among the subfamilies found in this study. This subfamily is the most predominant in Brazil (660 species) within Melolonthidae, and the tribe Macrodactylini is the most diverse, where over 500 species are reported in 30 genera (Fuhrmann and Vaz-de-Mello 2017) . Similar to what is reported for Brazil, Macrodactylini was very diverse in the Brazilian Pampa as well, with four genera and ten species. Yet, Plectris was one of the richest (seven species) and the most abundant genus (35.23% of all specimens collected) in the Brazilian Pampa.
The pasture white grub, D. abderus, was the most abundant species in the Brazilian Pampa. Its abundance in cultivated areas (21% of all collected specimens) was strikingly similar to that reported in the Planalto region (24%) by Cherman et al. (2014a) , demonstrating that D. abderus is well adapted to the agricultural practices in Rio Grande do Sul State, Brazil. In addition, the occurrence of this species in cultivated areas has been linked to the adoption of no-tillage system that provides greater organic matter content compared with tilled fields and is preferred by females for egg oviposition (Silva et al. 1994, Silva and Salvadori 2004) . Similar to D. abderus, C. modesta was very abundant in both land use types. High abundances of C. modesta were also observed in corn fields, managed pastures, and natural grassland areas in Argentina (Bonivardo et al. 2015) , and in cultivated and noncultivated areas in southern Brazil (Cherman et al. 2014a ). The occurrence of D. abderus and C. modesta at high abundance in both natural grassland and cultivated areas of the Brazilian Pampa suggests that these species may perform well across different environments.
Cyclocephala flavipennis Arrow, D. abderus, and C. modesta were the most abundant species in the Planalto region of Rio Grande do Sul State (Cherman et al. 2014a ). These three species were also found in cultivated areas of the Brazilian Pampa, and their abundance in the northern half and southern half was similar, except for C. flavipennis. This is a very common species in the Planalto croplands and corresponded to 38% of the total abundance of Melolonthidae in that region (Cherman et al. 2014a ). In the present study, C. flavipennis only represented 0.6% of all specimens collected throughout the natural grassland and cultivated areas of the Brazilian Pampa.
C. flavipennis is well adapted to soils with great organic matter content and the larvae may feed on organic material or roots, and that choice may depend on the amount and type of food sources (Alvarado 1980) . Laboratory studies demonstrated that C. flavipennis larvae feed on wheat roots, but at field conditions, they prefer decomposing organic matter. In cultivated areas at no-tillage cropping systems, this species caused no significant damage to field crops, even at high population densities (80 to 100 larvae m −2 ) . However, C. flavipennis was reported to cause injury to perennial grasses in Lages, Santa Catarina State (Atlantic Forest biome) (Duchini et al. 2017) . The higher abundance of C. flavipennis in cultivated areas of the northern half of Rio Grande do Sul (Atlantic Forest biome) (Cherman et al. 2014a ) compared with the abundance found in the Brazilian Pampa suggests that the population density of C. flavipennis depends on the quantity/quality of the roots available. Nevertheless, feeding preferences of C. flavipennis larvae are unclear and must be confirmed through further surveys.
In the Brazilian Pampa (southern half of Rio Grande do Sul), the abundance of Melolonthidae in natural grassland was threefold greater than that in cultivated areas. The low abundance of Melolonthidae found in cultivated compared with natural grassland areas in the Brazilian Pampa might be a consequence of insecticides used on seed coating for summer and winter crops. Seed coating with neonicotinoids, pyrethroids, phenylpyrazoles, and carbamates is registered to control white grub pests such as D. abderus and Phyllophaga triticophaga Morón & Salvadori in corn and winter crops (AGROFIT 2017) . Even when used at recommended dose, insecticides may kill smaller species and select the larger ones, which are more likely to survive (Morón, 2001; Cherman et al. 2014a ). Moreover, the use of insecticides may be killing not only pest species, but saprophagous or rhizophagous with a lower representativeness (innocuous species), and thereby affecting its abundance in cultivated areas.
In addition to the insecticides issues, several cultivated areas of Brazilian Pampa were recently converted (~15 yr) from natural grassland to cropland areas and it might still be affecting the white grub community. Indeed, some agricultural practices may have negative effects on the white grubs abundance. The use of tillage compared with no-tillage cropping systems reduced the abundance of Phyllophaga cuyabana Moser in soybean fields (Oliveira et al. 2000) , and the amount of eggs of D. abderus in cultivated areas (Silva et al. 1994) . Similar results were observed for Popillia japonica Newman in blueberry fields, where tilled fields had a lower abundance of larvae and adults compared with no-tilled fields (Szendrei et al. 2005) . The white grubs exposure to adverse factors (e.g., birds, sunlight, and predators) is likely to explain the higher mortality of Melolonthidae larvae on tilled fields (Oliveira et al. 2000) and thus reducing their abundance. Although most cultivated areas sampled were under no-tillage system, the tillage cropping system seems to have a long-term effect on the abundance of white grubs. Moreover, natural areas are likely to provide food throughout the year, allowing different species to perform better when compared with cultivated areas (García-Atencia et al. 2015) .
Despite the difference in Melolonthidae abundance between cultivated and natural grassland areas, to what extent it has been affected by agricultural practices in the Brazilian Pampa is unclear. Melolonthidae abundance may vary not only between cultivated and natural grassland areas, but also in the same field over the years depending on the management practices or land uses. A reduced Melolonthidae larval density was observed in a soybean-crotalaria-turnip crop rotation scheme when compared with other schemes (Rodrigues et al. 2011) , and differences in larval density and adult emergence were observed for P. japonica Newman depending on the cover crop (Szendrei and Isaacs 2006) . Furthermore, the density of D. abderus larvae was affected by the previous crops (winter crops) in corn fields (summer crop) in southern Brazil (Silva et al. 1996) . The differences in abundance and white grub community over different seasons, locations, and land uses suggest that a particular species may have a preference or success depending on the land management, which might be linked to its bioecological requirements (Pardo-Locarno et al. 2011) .
We found that cultivated areas contained a less diverse white grub community compared with natural grassland areas. Previous studies have observed similar results on species richness in cultivated and noncultivated areas (Brown et al. 2001 , Pardo-Locarno et al. 2005 , Cherman et al. 2014a , Morón and Arce-Pérez 2016 . However, our specimens' rarefaction curves showed that the number of species would likely increase with more specimens collected in both land use types, and thereby the difference of three species between cultivated and natural grassland areas cannot be entirely attributed to the land management use type. Furthermore, Shannon diversity index and evenness index were variable among localities, land management use type, and three species were unique to cultivated, whereas six occurred only in natural grassland areas. The presence of some species only in one land use type might indicate that some species are more likely to have success in cultivated areas than others are and vice versa. Nevertheless, a more detailed study considering ecological variables (e.g., soil, climate, and vegetation) and seasonality would be more precise in determining the relationship between species occurrence and land management. In Brazil, about 1% of all white grub species have been reported damaging crops (Morón 2004) , but nonpest species are also common in Brazilian agroecosystems, where they enhance water intake by constructing vertical galleries, crop residue incorporation, and chemical, physical, and biological soil properties (Oliveira and Salvadori 2012) . Although rhizophagous species can be harmful to crops at high population densities, they also provide benefits when present. For example, the construction of galleries of up to one meter deep by D. abderus enhances the capacity of the soil to absorb water, as well as incorporation and decomposition of crop residues (Gassen 1999) . Knowing white grub species composition within croplands, scouting fields and monitoring species occurrence is essential to make proper management decisions and preserve beneficial species.
Our results demonstrate that agricultural activities are somehow contributing to reducing the abundance of some white grub species. The low abundance of most of the saprophagous species compared with rhizophagous in cultivated areas might indicate a disequilibrium in species composition. However, the NMDS showed that some overlap in species composition was observed among all sampled areas, and the most abundant species in our data were found in both land management use types. This indicates that some species can persist in the Brazilian Pampa regardless of the areas being used for summer and winter crops. Moreover, there is a lack of information of many Melolonthidae species present in the Brazilian Pampa regarding their bioecology, in which studies need to be carried out mainly with species into the genera that contain rhizophagous species. A better understanding of species composition, their functional role, and resilience to management practices in cultivated areas will be essential for farmers to improve control strategies of pest species and sustainability of Melolonthidae community in managed areas. Species that have been reclassified taxonomically have been updated as follows: Tribe Orcytocini has been corrected to tribe Oryctini;
Corrigendum to Abundance and Diversity in the
Liogenys obesa is a synonym of Liogenys concolor; Blepharotoma uniformis belongs to the tribe Sericoidini; and Dyscenetus subcericeus has been correctly identified as Chalepides anomalus. 
